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Introduction

The discovery of high temperature superconductors of the
LaBaCuO(l) and YBaCuO(2) families and the homologous series
BiSrcacu0(3-6) and TlBaCaCuO(7) has produced an explosion of
interest, stimulating a great activity in the investigation of
these new materials.

BiSrCu0 was the first superconducting material that did not
contain rare earth elements and has a critical temperature of
about 20 K. The compound Bi,Sr,Cu0, (2:2:0:1) in the standard
notation was the first member of the family where double BiO rock
salt-like layers alternate with CuO, sheets.

The other compounds of the bismuth family , with Ca addition,
Bi,Sr,CaCu,0z (2:2:1:2) and Bi,Sr,Ca,Cu;0y¢ (2:2:2:3) are also
built from double Bi-0 layers with transition temperatures over
80 K for the low phase (L) and 110 K for the high phase (H).
However, zero-resistance temperatures greater than 100 K are
difficult to obtain in the 2:2:2:3 unless Pb(8) is added to the
system.

Many attempts to enhance the transition temperature and improve
the stability of the lattice have been made. Total and partial
substitution, doping, and new compounds are constantly being
reported.

A few papers have reported the existence of critical temperatures
as high as 132 K(9) in the Bi based compound doped with Sb, and
140 K(10) by simultaneous chemical substitution of Sb and Pb.
They claim that lead leads to a more stable and reproducible
system. On the other hand other researchers(11,12) have found
that Sb doping proved to be detrimental for the superconducting
properties.

The work reported here was undertaken to investigate the effect
of Sb substitution and simultaneous substitution of Pb and Sb on
the superconducting transition temperatures in the BiSrcacCuO
system; particularly in the 2:2:2:3 phase since any small
increase in the transition temperature could be of great
interest.

Experimental

More than 90 different samples were prepared based on 2:2:2:3
stoichiometry in the BiSrCaCuO system. After this preliminary
attempt, four different families of samples have been
investigated in the present study. In the first family of samples
we substituted Bi by Sb to form Bi, ¢Sby ,Sr,Ca,Cu;0, . The second

group of samples were prepared by simultaneous addition of Pb and
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Sb with nominal composition Bi; gPb; ,Sb, ;Sr,Ca,Cu;0,. The third
and fourth groups were prepared to determine the e%fect when the
Pb concentration is increased; having nominal composition
Bi, ,Pby ,Sb, ;Sr,Ca,Cu;0, and Bi, Pby 3Sb, ,Sr,Ca,Cu;0y

High purity (99.99% - 99.999%) Bi,0;, PbO, Sb,0;, SrCO;, CaO and
Cu0 powders were weighed in different molar ratios. The weighed
powders were dispersed in isopropyl alcohol, ball milled, dried
and ground. The powder mixtures were calcined in air at 810°C for
20 hours, then reground and cold pressed into pellets (2 mm
thick, 12 mm diameter), using 3000 psi pressure. The pellet
samples were subsequently sintered in air with varying processing
temperatures and times. The samples were not very sensitive to
the cooling rate, so they were furnace cooled.

Samples were prepared in a Fisher furnace. The furnace had three
ramp rates and their corresponding holding times, for both,
heating and cooling. The temperature can be controlled up to 0.01
degree. The XRD scans were recorded using a Rigaku diffractometer
with graphite monochomated CuKa radiation and Bragg-Brentano
geometry.

DC temperature dependence resistivity measurements were carried
out by the four probe standard technique using a closed cycle
refrigerator system, with excitation current of 1 mA. The sample
dimension was 0.21 cm(W), 0.15 cm(H) and 1.00 cm(L) Inductance
measurement also were carried out, having the superconducting
sample as a core in a small coil using a 4275A Hewlett Packard
inductance meter.

Results and Discussion

Peaks for XRD at 5.72° and 4.78° (20 values) corresponding to
(200) reflections identify the low and high temperature phases,
respectively. Unfortunately, those peaks are not very well
defined in our spectra, therefore we concentrated our attention
on the 206 values of 23° (L) and 24° (H) which correspond to (008)
and (0010) reflections respectively.

The first family of samples with stoichiometry
Bi, ¢Sby 4Sr,Ca,Cu;0, was heat treated in the temperature range
from 810 °C to 900 °C. The most significant ones were sintered
for 12 h at 873 °C and 878 °C after a previous calcination and
additional sintering at 850 °C for 12 h. At 873 °C a small
shoulder in the right side of the low temperature phase (23°)
indicates the presence of a small amount of the high temperature
phase. When the heat treatment temperature was increased to 878
°c, it produced signicant increases in the amount of the high
temperature phase. However, when the processing temperature is
increased further, the sample decomposes and the XRD pattern
becomes very complicated. The 2:2:1:2 phase can still be
identified.
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The second set of samples were prepared in parallel conditions as
the previous set. Figure 2, shows XRD data for the Sb/Pb compound
with nominal composition Bi, gPb, 1Sro_,Sr'gCaZCu3o . They were
sintered for 12 h at 868 °c, 873 °c, 878 °c, and 883 °C. As the
sintering temperature increases from 868 °c to 878 °C the
concentration of the low temperature phase seems to decrease in
favor of the high temperature phase. Again increasing the
processing temperature 1leads to the degradation of the high
temperature phase and the system reenters to the 80 K phase.
This behavior has been reported by many researchers in Bi based
compounds containing Pb.

It must be mentioned that the x-ray diffraction peak
corresponding to the high temperature phase starts to form at 850
°c but it has a very low intensity (I,/I, is aproximately 1/10).
The temperature is higher for the samples with pure Sb.

The other two groups with 10% and 15% Pb substitution and 5% Sb
present esentially the same behavior as the one described above.
However, the Pb content tends to decrease the sintering
temperature for the formation of the high temperature phase.
Tllustration of such behavior for our best samples of each group
is given in figure 3.

Samples of the third and fourth families were treated for a very
short time, 1 to 5 minutes, at temperatures between 880 °C to 930
C. The XRD patterns for this samples are depicted in figure 4.
Samples with 10% Pb and 5% Sb, after the calcination process,
were heated at 880 °C for 5 minutes and quenched in air. The
result is a 2:2:1:2 phase highly oriented. When the sample is
heated at 930 °C for 3 minutes the result is also a very highly
oriented sample but the low temperature phase decomposes giving
rise to the formation of 2:2:0:1 phase. This phase has a critical
temperature at 20 K corresponding to the 20 value of 7.18°. The
low temperature phase peak is not present any more.

Similar resuls were observed for samples with 15% lead
concentration but the orientation effect seems to appear at
slightly lower temperatures.

The electrical superconducting properties of the sample with 5%
lead and 5% antimony are shown in figure 5. The resistivity of
this sample exhibits metallic behavior in the normal state and
starts to decrease sharply at about 115 K, with a second
transition at 85 K and zero resistance at 40 K which is
indication of a highly inhomogeneous superconductor.

Inductance measurements were taken showing clearly the presence
of 2:2:1:2 and 2:2:2:3 phases.
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Conclusions

According to our study we have found:

1) There is no evidence of temperature onset at 140 K or 132 K in
samples with antimony and lead-antimony additions. On the
contrary these substitutions leads invariably to a mixture of two
superconducting phases, with the 85 K phase representing the
major constituent.

2) Increase in lead doping promotes the formation of the 110 K
phase at lower temperatures.

3) Increasing in sintering temperatures, after the formation of
the high temperature phase, forces the system to reenter the low
temperature phase.

4) Sintering temperatures very close to the melting point for a
short periods of time produce very highly oriented samples in the
85 K phase. However, for temperatures much higher than the
melting point, the orientation persist but the low temperature
phase degrades, forming the very low temperature phase (20 K). As
the lead concentration increases the orientation effect starts at
lower temperatures.

5) The fact that small changes in sintering temperatures have a
great impact on the phase transformation, maybe an indication
that these transformations are characterized by very short
diffusion path lenghts.
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Figure Captions

Fig 1. X-ray diffraction scan for Bi, ¢Sb, ASréCa2Cu30Y samples
sintered for 12 h at (a) 873 °C and (b) 878 C.

Fig 2. X-ray diffraction scan for Bi, gPb, Sbc? Sr,Ca,Cu Oa,
samples sintered for 12 h at (a) 868 °C, (b) 873 C, (c) 878 c,
and (d) 883 °c.

Fig 3. X-ray diffraction data for (a) Bi, ,Pb; ,Sb, ,5r,Ca,Cu;0,
sintered at 870 °C for 24 h, and (b) Bi; 4Pb, 3Sb; ;Sr,Ca,Cu;0,
sintered at 860 for 60 h.

Fig 4. X-ray diffraction data for Bi, ;Pb; ,Sb; ;5r,Ca,Cu;0,
sintered at (a) 880 °C for 5 minutes, and (b) 930 °C for 3
minutes.

Fig 5. Resistance temperature dependence curve for
Bi, gPb, ,Sb; ,Sr,Ca,Cu;0,.
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